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DEFINITION 


"Asoestos" is not the name of a distinct mineral species but is rather 
a@ comaercial term anplied to fibrous varieties of several minerals, The 
orizin and significance of names applied to asbestos by early writers are 
discussed in the section devoted to sources of supply and terms employed in 
ancient times, 


VARIETIES 


the most useful variety of asbestos is chrysotile, a fibrous serpentine 
the composition of which is expressed by the formula HyMg.Sio0g. Chrysotile 
is characterized by a strength and flexibility. that permit the use of the 
longer’ fibers for spinning. The bulk of the world production of both long 
and short fibers is of this variety, 


Other varieties of asbestos ‘belong to the amphibole group of minerals, 

Anthonhyllite, having the comosition (Fe,Mg)Si0g, is the type most abundant 
in the United States, Usually. it is brittle and of low tensile strength and 
is more resistant to the action of. acids and. heat than chrysotile, It is 

used for nousyinning purposes. Anosite,. a peculiar yariety of iron-rich 
enthophy ite occurring in ‘Africa, is notable for the length of its fiber, 

he bestegrade material is usec for sninning, Fibrous. tremolite, 
CaMe3(Si0s) ay actinolite, Ca(LigFe)s (Si03) as. and hornblende, a complex sili- 
cate similar in composition to acti. holite, generally are regarded as the 
minerals to which the term ‘Masbestost was originally anplied, Except for 
Italian tremolite they have little comaercia] value... Mountain leather and 
mountain cork are varieties of amphibole consisting of flexible sheets of 
interlaced fibers, Mountain wood is a comact fibrous mass of ampnibole 
resembling dry wood. The last three ‘varieties are mineral curiosities and 
have no commercial value, Crocidolite, also ‘called "blue asbestos", having 
the composition } NaFe(Si0z) FeSi0g, is an unusual amohibole occurring in con- 
mercial quantities chiefly in Africa, It is used for Pox spinning and 
nonsyinning purposes. 


SOURCES OF SUPPLY AND TERMS EMPLOYED IN ANCIENT TIMES 


The word "asbestos", evidently first apolied by Pliny to the fibrous 
mineral now known by that name, was employed erroneously, for in both 
ancient and modern Greek it refers to quicklime, | The Greem word "asbestos" 
means "inextinguishable" or “ungy .enchab le" - words conveying quite the 
opposite meaning from "incombustible", a characteristic feature of asbestos. 
Possibly Pliny had in mind Plutarch!s refereuce to the "perpetual" asbestos 
lamo wicks used by the Vestal Virgina, "Lithos amiantos", the original 
term used by the Greeks for asbestos, meant a rock stained, untainted, or 
undefiled and doubtless referred to the cleansing of asbestos clotn by 
throwing it in the fire, 


Another common name applied to asbestos was "Karystios lithos™ because 
a well-lmown source of flexible mineral fiber was near Karystos, southern 
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Euvdoea, Greece, Early in the first: century. Strabo referred to stone from 
this locality. that was. carded and woven into; handkerchiefs, Solinus and © 
Plutarch also mention a fibrous mineral from this place, These ancient 
writers evidently Imew little, of the deposits, but as two exnosures of ser- 
pentine occur east of Karystos the. ones probably was ce 


Sriesn tie, who lived in the second century A.D., refers to incombustible 
"Karpasian flax." Some writers think this term indicates that the source of 
the fiber was Karnasos, northeastern Cyprus, but no asbestos~bearing rock 
is known in that vicinity. Evans points out that the word "Karnasos" means 
"cotton" and that probably it was applied to the mineral because of its 
adaptability to textile use4/ Cyprus, however, was a well-known source of 
supply of asbestos in:ancient times, Although it is difficult to determine 
from early references the exact location of the deposit, probably it was 
southeast of Mount Troodos in a village }mown as "Amianto", the identity of 
which is lost. During recent years chrysotile asbestos has been produced 
in considerable quantities near a town now known as "Amiandos." This-is 
probably the site of ancient Amianto, for it is situated near Mount eT Ooms 
18 miles from the Soopers Limasol, = ann 

The sievasvus used by the Romans doubtless was a long-fibered variety 
identified as tremolite and occurring in northern Italy, The use of Italian 
fiber presumably led to the claim widely made in literaturé that the original 
Namiantos!" consisted of fibrous amphibole (tremolite, actinolite, or horn- 
blende), A recent personal communication from the chief mineral inspector 
in Rome, however, casts some doubt as to whether Italian fiber used by the 
ancients was tremolite. A significant excerpt from this commamication reads 
as follows: 7 . Spe Sr Se a 


For a long: time it was believed that the Italian "amianti" were 
all the tremolite type. because the first examinations of the material 
were based on sammles of tremolite, It was only in recent years that, 
after further studies, the producers recognized that their products 
were “Oe the most »vart chrysvtile with a longs SuCAnO Ee fiber, 

Marco Polo mettre to Namiantos" sith: shown to him during his travels 
through Siberia, The best-known asbestos of Siberia is chrysotile occurring 
at Miruisinck near the Mongolian border, Thus it appears that outside of 
Italy all the lmown asbestos deposits were sources of chrysotile and not 


amphibole, 


Further evidence that the term "amiantos" as used by the ancients may 
nave arplied to chrysotilé as well as to amhibole is found in the uses of 
the material, With the exception of twisted fiber used for lamp wicks prac- 
tically all the early references are to textile use, Asbestos was woven into 
handkerchiefs, tablecloths, winding sheets, and similar fabrics, Most 


Ae e+ ee eee: 


3/ Evans, John Wes The Identity y of the ancates “or r Karystian ian Stone of the 
‘Ancients with Chrysotile: tia as Mag. (London), vol, 14, May 


. 1906, pp, 143-48, 
af Evans, John W., Work ied. p. 143, 
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varieties of armunibole asbestos are weak and brittle and cannot be spun or 
woven, The princinal exceptions, aside from the tremolite of Italy, are the 
crocidolite and amosite of South Africa - varieties unmown until comparative- 
ly recent years, Chrysotile, on the other hand, is stron:. flexible, and 
silky and well adapted for textiles, Judging from the provable sources of 
sunoly it seeins reasonable to conclude that it was emoloyed in ancient times 
in the manufacture of incombustible fabrics, 


e- 


ORIGIN 
As bestos Ore nates for tne most mart from rocks consisting largely of 

Olivine, such as neridotite or dunite, or from pyroxenite, Most. chrysotile 
deposits result from alteration of olivine to serpentine, with subsequent | 
prismatic crystallization »oroviding the fibrous structure, . The alteration 
is effected b:y intense metamoronisia, Contact as well as regional metamor- 
phism evidently plays an important vart in the process beccuse in various 
regions, notabiy the Canadian and Ruodesian fields, intrusive rocks are 

associated with the denosits and doubtless definitely influenced their de- 
velonuent, Prismatic crystallization occurs in fractures, As recrystalliza- 
tion evidently occurs along the vein walls, the veins may be regarded as of 
the replacement rather than the fissure type. 


| Chrysotile occurs in two forms - cross fiber and slip fiber, The former 
is the characteristic occurrence in all renlaceinent veins, the fibers cross- 
ing the veins at right anzles to the walls. Hence the fiber length is governe 
in general by the width of the vein, Slin Pier. ou the other hand, parallels 
the vein wall and usually shows the effects of pressure and movement along a 
fault plane. The chrysotile occurring in sedimentary rocks in Arizona and iz 
tne Carolina district of the Transvaal originated in a quite different way. 
The fiber in these localities is rearded as a product of alteration of mag- 
nesian limestone metamorpnosed by diabase intrusions, It occurs in cross- 
fiber veins, 

Under some conditions neridotites and »nz;roxenites are altered to fibrous 
ampiliboles, of which the mbst cormou is anthophyllite, In some places it 
occurs as slin fiber in shear zones, but more commonly the altered rock takes 
the form of pockets or lenses cons isting almost entirely of irreswiarly | 
arranged bundles of fiber, ‘The rocis is called "amhibolite™, and the asbesitcs 
is of tue mass—fiber type. 

The crocidolite and amosite of South Africa originated from rocks quite 
distinct from peridotite or »yroxenite, They were cerived from sediments 
rich in iron and silica, ‘aiovn as "banded ironstones", Prismatic crystalli- 
zation in cross-fiber veins probably WAS assisted to some extent by contact 
metamorphism, | 


MODE OF OCCURRENCS' 
From the discussion of origin “at is evident that tnere are three iene 
of asbestos deposits — cross fiber, slip fiber, and mass fiber. Cross—fiber 


asbestos consists of initumerable strands extending across veins from wall. to 
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wall,except where interruoted by’ longitudinal | seams ‘Most commercial de- 
posits of chrysotile, amosite, and crocidolite are of this type, but antho- 
| phyllite rarely, if ever, occurs in cross-fiber veins, In slip-fiber de- 
posits the strands more or less parallel the vein walls, They frequently 

show. slickensided surfaces..because they occupy shear zones where the rock 
.nas been subjected to movement and pressure, Slip fiber is common.in the 
chrysotile deposits near Eden, Vt., and predominates in the anthophyllite 

devosits at Pylesville, Md., and near Bedford and Rocky Mount, Va, © 


In mass-fiber deposits tnere is no definite orientation of fibers, 
Almost the entire mass of the rock is composed of bundles of fibers or 
needles that sometimes show-a radiating structure, This’ type of occurrence 
is confined almost exclusively to the anthophyllite variety and is well- 
exemplified by deposits at Sall Mountain, Ga., and Kamiah, Idaho, 


Pao PROPERTIES 


‘Oatetan nding shaventcwistzee.e The most characteristic properties of 
asbestos — those that give it commercial value - are fibrous structure and 
fire resistance, The longest and strongest fibers have qualities possessed 
by no other mineral, in that they may‘be spun into yarn or thread, woven 
into cloth, or felted into sheets and packings in almost the same way as 
animal and vezetable ples but unlike cotton or wool they consist of in- 
Poe ene matter. 


nitedas aharacter.- Although all asbestos is fibrous, the quality of 
the fiber in the various types and in different deposits is quite diverse, 
Chrysotile, amosite, and crccidolite normally posses high tensile strength, 
flexibility, and elasticity, but these qualities vary greatly in material 
from different’ localities. Chrysotile occasionally is harsh and somewhat 
brittle, Crocidolite is said to be stronger tnan chrysotile. The fibers 
of amosite are exceptionally long, -Anthoohyllite is generally brittle and 
of low tensile strength, although the fiber from some deposits has con- 
siderable strength and toughness, This type usually is more flexible than 
fibrous tremolite or actinolite, Tremolite is generally too weak and | 
~brittle for textile use; Italian RESUOL TE however, is said to be of 
spinning grade, 


Length of fiber is imoortant in asbestos strong and flexible enough 
£6r spinning and weaving,.: The fiber is graded on the basis of length, and 
materials of identical quality may range in price from $20 to $500 a ton, 
according to grade, | } 


- Fineness of Fiber,.- Fineness of {ibar is measured by the degree af 
separation accomplished by fiberizing processes, The fibrous structure of 
asbestos is due to a hignly developed prismatic cleavage, the spacings be- 
tween cleavage planes being infinitesmal or, at lease, measurable by -the 
size of ‘the ultimate particle of. fiber, which is incalcilably small. Sub~- 
div#sion therefore theoretically may be continued almost indefinitely, the 
fineness that can be attained depending on the delicacy of the tools used 
and the skill of manipulation, 
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Varieties of asbestos and occurrences of the same variety vary marxedly 
in the esse with wiich they can be fiberizec, -Some tyves can be separated 
readily into slender fibers, while others are divided with difficulty and 
therefore annear as coarse~fibered material, Merrill has measured antho- 

payllite fibers down to 0,002 mm in diameter, o/ and the smallest measured 
diameter recorded by Cirkel is 0.00075 im, 6/" Apart from strength and flexi- 
bility the quality of asbestos is measured to some extent by the fineness 

of fiber attainable and by the amount of processing required to reduce it 

to the finenes’s desired, 


Color aid Tuster,.- Chr; sotile occurs in various shades of green or 
yellowish green, When fiberized into a fluffy mass all tynes of chrysotile 
are practically wnite, unless stained by imourities, Amosite ranges from 
gram or yellowish sray to wiite and ‘if relatively pure is white when fiber- 
ized, Crocidolite is lavencer-Llue, and tauis color is maintained when the 
ribers are separated, AithonhyJlite and tremolite are gray, greenish gray, 
or white, and the sevarated fioers are white winless staining imnurities are 

resent. Tne luster. of asbestos usually is silky or pearly, 


Heat Resistance.- Cirxel states that Canadian chrysotile withstands 
temperatures of 2,9009 to 3,000° F, and that, a temperature of 5,000° #, pro- 
Guces no visible effects on soi:ne varieties, ay It has been foakd. however; 
that when chrysotile is neated to a hish termperature its water of crystalli- 
zation is ariven off and it becomes brittle, Antnoohyllite, tremolite, anc 
emosite contain low perceutagzes of water and withstand higner temmeratures 
than other varicties, However, crocidolite, although having a low water. 
content, is easily fused into a black magnetic mass. 


heat Goutuotig? oye - Asodestos does not have low heat conductivity. its. 
wedue for heat insulation is due to its noninflammability and also to its 
iorous structure, wiicn adapt it for manufacture into EOwen ee that are 
oes ones ae of heat because of their porous nature, 


BCG. ‘Resistance.~ Tremolite and authophyllite are highly resistant to 
ccids, It is claimed that crocidolite resists chemicals and sea water re- 
markably well. Chrysotile is affected more readily by acids and other chez:- 
cals than are tne amonibole varieties, 


Zlectrical Resistance.- Varieties of eeepsoeie lowest in iron content 
are tne most suita ole for electrical insulation, Arizona chrysotile is 
superior for this use, sonvarently the iron content of amphibole does not 
effect its use for this »urvose because crocidolite, which upon analysis 
chows a content of about SS percent FeO, has high electrical resistance, 


unis seeming contradiction may be explained by the fact that iron is present 


ace ee oe oe 
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a Merrill, G. P Proceedings of the United States Met ional Miveeun: Vol, 
ako 1895, PD. LC2-083.6 

6/ Cirkel, Fritz, Chrysotile Meweeeee ~ Its Occurrence, Exploitation, Mill- 
ing, and Uses: Canada Dept, Mines, Mines Brancn 69, 2d oe 1910, od. &o 

?/ Oirkel, Fritz, Work cited, p. 30. 
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in crocidolite as a eocaiae A whereas in chrysotile it commonly annears as 
iron oxide impurities, | 


CHEMICAL COMPOSITION | a 


The cnemical formulas for: the various kinds of asbestos are given in 
te section on varieties, Theoretical composition as calculated from chemi- 
ca formulas rarédly corresvonds with actual comoosition because more or less 
immurity is alvays present. The following table shows analyses of revre- 
sentative conmercial com 
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| Ce. es 
. , i = { 
Cirysotile, CanadaX’ | 40.76! 0.21] 1,35) 0,66|43.86 
& ’ ’ 7 2 cies ae me 
fossownllite, ! 
oo | 
| 


GOOLE Ley 6 eee 6 6 wee 


uracicolite, Cane 


COLOIVS! K<iecweawen.| Ol 10! ioe eames 35.80] 2.30] ----- 6.90} 3,90|100,00 
Anosite, Penge4/ we | 49.72! 5,72| ----;37.00| 3.77] 1.65|----| 2.29]100.15 
Tremolite, Natals/, 58 .o 8/532 m= | ----—| 22 .75| 10.65 ee 200; 98,02 
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1/ Ross, J. Ge, Chr; sotile Asbestcs in Canada: - Canada Devt. Mines, Mines 
Branch 707, 1931, vp. 20. | 7 | 

D/ Hopkins, Q. B., Asbestos, Talc, and Soanstone Deposits of Georgia? Geol. 
survey of Georgia Bull, 29, 1°14, ». 79, 

5/ Hall, A. L., Asbestos in éhe Union of South Africa: Union of Scuth, 
Africa Geol, Survey Mem, le, 1918, Me 12 

4/ Works cited, vo, 22.. 

o/ Worls cited, », 23, —| a 
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On the basis of use asbestos f.Jls into two orincipal classes ~ spinning 
end nonspinning fiber, Ssinning fiber comorises tne longer grades of chryso- 
wile, crocidolite, anosite, and, exceptionally, tremolite, _Nonspinning fiber 
commorises the shorter grades of tiese Wardct ies and both the long and Baers 

jrades of anthovnyllite and related anrmnibole varieties, 


The largest use of svinnins asbestos is for the manufacture of automo 
Dile brake-band linings and clutch facings. As much as 79,000,000 feet of 
byake-band linings have been made in a single year in the United States, 
eretete consisting of a, sbestos cloth covered with rubber cement consume: large 
ouantitles of spinning fiber, Asbestos of spinning grade is used also for 
tie manvfacture of fireproof theater curtains and scenery; blanicets; mattresses; 
**reacnts suits, gloves, and shoes; aprons; mittens; leggings; helmets; awn-. 
L'gs; conveyor belts for carrying hot materials; braided and woven taoes; - 
ven Sieet packings; wick; rope; and listings. The use of asbestos in air~ 
acaft is becoming increasingly imortant,. | oR te ge 
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Nonspinning fiber is used princivally in the heat-instllation and roofin; 
trades, although large quantities of the better grades are used for making 
molded brake linings. On account of its. heat-insulating and fire—resisting 
properties asbestos paper, manufactured in the same way as ordinary paper, is 
used for making three-ply air-cell and similar pipe covering; as sheeting be- 
tween floors; as lining for stoves, heaters, filing cabinets, soldiers! hel- 
mets, mufflers for automodiles, drum controllers in sulphite mills, automo- 
bile radiatcr covers, and tubes for electric wires: and in many other ways. 

A widely used vine coverin;; consists of about 15 percent asbestos and 85 per- 
cent magnesia. Compressed sheets of asbestos combined with cement are used 
extensively for corrugated sheetinz, wall board, millboard, lumber, and floor 
tile and as lining for saves, stoves, heaters, electrical switch boxes, 
garages, hoods of automobiles, and ovens,. Asbestos compounds are used to 
some extent in automobile bodies, Asbestos~cement pives are finding increas- 
ing use for wate: and gas mains and sewers, They are resistant to acids, 
noncorrosive, relatively nonconductive of heat and electricity, light in 
weight, anc so elustic that traffic vibrations are unlikely to cause leakage, 
Moreover, they are easily placed and joined. <A standard psi ae piper con- 
sists of 80 pereous cement and <0 percent asbestos, 


Roofing shingles ponsteei as of about 85 percent portland cement and | 15 
percent asbestos’ are used extensively. _Large-quantities of short fibers are 
consumed in the manufacture of plastic fireproof cements used for boiler, 
pive, and furnace covering. They also are used in fireproof paints, in arc 
welding, for protecting the surface of metal sheathing, and as a constituent 
of asphalt-roof coatings, The stronger grades of anthophyllite are used for 
making acid filters, stonnings in combustion tubes, wicks for producing flames 
by saturation with mineral salts, fireproof sunports.and.protectors, and other 
chemical-laboratory equipment. Weak and brittle amphibole asbestos is used 
in making plastic cements and as an ingredient in acoustical and other wall 
plaster, cement flooring, and battery boxes, but it cannot be-used in shingles 
and compressed sheets where fiber strength is important, Many industries use 
asbestos for hundreds of minor »vurvoses, 


MINING METHODS — 


Asbestos deposits in the various localities differ widely in character, 
and methods of mining depend greatly on.conditions of eccurrence, In some 
places the rock is blasted in open quarries and loaded with power shovels in 
mach the same way as limestone or trad rock is quarried for the production 
of crushed stone, In other cenosits elaborate systems of underground mining 
have been developed, General methods followed in the principal districts 
are outlined briefly. , . te | 


Arizona,.~ In Arizona chrysotile eoneates occurs in relatively thin veins 
paralleling limestone beds and therefore is mined in drifts and tunnels, As 
the veins are only a few inches thick much waste rock must be. removed to give 
working space, & typical mining method is to maintain a tunnel roof close 
to the asbestos zone and to nick the asbestos. onto a large canvas. As the 
mines are far from railroads and.markets the short fibers can‘scarcely be 
sold at a profit, and crudes constitute virtually the entire output, Several 
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thousand feet of tunnels have been driven in mines on Ash Creek and at other 
’ points in the southern part of the State. 7 ° 

| Vermont,- The chrysotile asbestos es of Vermont: gre situated at 
_an elevation of 2,500 feet on the south side of Belvidere Mountain approxi- 
mately .15 miles rain Hyde Park, the nearest railway station, As the rock 

" outcrops at this point, very little strioping is’ necessary, The quarry face 
is about 125 feet hign, and individual benches aré l2 to 15 feet high, 
‘Blast holes..are sunk with hammer drills, . an electric power shovel with a 
‘lg-cubic-yard dipper is uséd for loading into S-ton side-dump cars. that dis- 
| charge gover .a grizzly anne a cat ey b6—inch _jaw ‘crusher at the mill, 


“Georgia ‘ead Marylan 1d. ge iltiee-t bee anthovhyllite,. the variety. “found in 
Poors usually occurs in ‘pockets or lenses confined for the most »art to 
surface zones; it therefore is quarried in shallow open pits,. As overations 
-are, smgll, the material is loaded by hand into small cars that convey it to 
the mill-or to the transshipping point, Quarries at Sall Mountain and 
Hollywood, Ga., are of this. typé.. Slip-fiber ‘anthoohyllite, on the other 
hand, occurs in narrow shear zones, which necessitate excavation.,in narrow 
eaCate or macersToune workings, The Pylesville (Md.) operations are 
oma 


Quebec. Stripping is a serious problem in the Quebec district as over- 
burden ranges from 6 or 8 feet to a maximum of 125 foet in depth, For many 
years, asbestos was obtained from large oven-pit quarries served by overhead 
cableways. About 1927 methods were modified by the introduction of new 
equipment — crarfes or power shovels were introduced for loading, locomotives 

were used for hauling cars on the quarry floor, and cable hoists remcved 
the cars from the pits un inclined planes or tarough tunnels. Power-shovel 
loading, crushing, and subsequent recovery of crude fiber from picking belts 
are gradually replacing hand cobbing of crudes in the quarry, This method 
reduces costs but tends to reduce recovery of crude. The principal reasons 
for the change were (1) decreasing markets for crudes due to.the introduc- 
tion of molded brake linings; (2) increasing sumolies of crudes from 
Rhodesia, the Union of South Africa, and ‘Russia; (3) a decreasing proportion 
of crudes in the rock; and (4) lower prices for crudes. 


A still later development in the Quebec district is the introduction 
of. shrinkage stoping, The stone is drawn through chutes directly into boxes 
trammed by hand or electric locomotives througn tunnels leading to the open 
pit, from which the material is hobsted by high-speed cableways, The most 
recent innovation is an elaborate block-caving system at the King mine of | 
the Asbestos Corporation,. Ltd., patterned after the system emmloyed in some 
of the Arizona covper mines, Satisfactory operation has been attained, and 
mining costs are considerably lower than those recorded for the shrinkage— 
stoping method, Details of the process have been published .8 


8/ Ross, J. G., Block Caving at the King Mine of the Asbestos Corporation, © 
Ltd., Thetford Mines, Quebec: Canadian Min, and Met.. Bull., no, 264, 
Aoril 1934, ov. 184-218. ge Pie 
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Rnodesia.-. Two mining methods’ — quarrying aa shrinkage sop Te —- are 
used at the Shabani, the largest asbestos mine in snore eaas 


The quarrying method is peculiar in that. the rock is broken in open 
nits but ‘removed. through vertical ' snafts. Shafts or winzes are. sunk in rows 
50 to 60 feet. apart and connected with. crosscuts at a lower level, The rock 
around them is drilled and blasted and ‘the finer covbed from the broken 
fragments, In order that the fiber may be broken as little as possible 
light powder charges are fired in shallow holes. The broken rock is thrown 
into the shafts wnich are kept nearly full, drawn into cars on the level 
below, and talen to the mill for extraction of the short fiber or recovery 
of the long fiber not removed in cobbing, The cobbed fiber is thrown. down 
a separate shaft. The saafts are also employed for disposal of waste and 
for drainage, . a 

The shrinkage-stoping method was introduced about 1926, The ground is 
removed in blocks 80 feet square, leaving pillars 20 to 30 feet wide eatee 
are subsequently reclaimed, 

Unjonof South Africa.—- The largest asbestos mines in the Union of Souta 
Africa are those producing chrysotile in the Barberton district of the Trans- , 
vaal, Tune asbestos-bearinzg serpentine occurs in two zones, The wover one, 
known as-the "ribbon reef", contains short-fiber veins, and the lower one 
provides long fiber, The belt di "8 10° to 20°, and underground mining is 
practised. The ribbon reef is stoped first, and at a: later ehaee Ree rock 
carrying long fiber is removed from the Pootwell. 


' Two large mines jane ‘been developed in this bernie: The New. 
Anianthus mine is worked on -several levels, In 1928 it extended down the 
din a distance of 1,650 feet from the outcrop, In the same year the Munnik- 
hiyburg mine ‘comprised apous 3,500 feet of widerground MOFEINGS 


In the Garolina district of the Pawevenl chrysotile occurs in cross- 
fiber veins occupying a 5-foot zone of altered dolomite dipping 8° to 15°, 
Zines. have been onerated since 1905 and have reached a devth of 300 feet, 


Amosite of the Lydenburg district of the Transvaal occurs in banded 
ironstones that have been highly folded and.contorted, The fiber—bearing 
beds usually stand at angles ranging from 15° to vertical. As they are 
unsuited for open-vit working underground mining is generally followed, 
Where the beds are intersected by transverse valleys tunnels are driven 
along the strike, and the fiber-bearing rock is stoped out at various levels, 
Outcrops are numerous over a wide area, and fiber is obtained from many 
mines worked at Pineal re shallow. depths, 


The ase mines.are the Egnep and the Aitsek situated near Penge, in 
this region the fiber-bearing.zone dips from 15° to 22°, The Kenep mine is, 
worked on seven. levels, A vertical shaft 215 feet: deep serves the seventa 
level and is connected with the sixth by a crosscut. The Amosa mine, as 
described by Hall in 1950, commrised 11 drifts starting from the outcrop and 
ranging from 80 to 1,140 feet in length down the dip. An inclined shaft 322 
feet long corresponds to a vertical depth of 290 feet, 
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Crocidolite (blue asbestos), vhich is associated with amosite in the 
territory nortn of tne Olifants River, is mined in small underground workings, 
Crocidolite also occurs over a wide area ii the: Prieska and Xuruman districts 
cf the Cave of Good Hope, The veins are irregular and discontinuous, and 
systematic mining cannot be followed generally. Much of the fiber is obtained 
from small open pits or from shallow mines worked by natives. A few mines 
have been worked to depths of 250 feet! with drifts over 1,000 feet long, 


Hall describes in considerable detail asbestos mining in South Africa .2/ 


Russia. The asbestos devosits of the Bajanova district have a thin over— 
burden, Hand methods of removal were first employed, but power shovels or 
hydraulic methods have suserseded them to quite an extent, 


More than 20 shallow open quarries were worked for many years. Ud to 
1929 drilling was the only mechanical process used, all other cperations 
being conducted with hand tools, Owing to inadequate milling facilities, 
hand picking; became an important concentration process, and only one fourth 
to one fifth of the rock quarried was sent to the mill, The average fiber 
content of the rock mined was only about 6 percent, but because of the concen- 
tration attained by hand picking that sent to the mill was 22 percent, 


The first stcos toward more complete mechanization were taken in 1929, 
with the installation cf 2- to 4ton canacity overhead cableways with fixed 
foot towers and traveling head towers, These were suonlemented by inclined 
haulageways served by clectric hoists, The rock was blasted in benches 5 to 
6 meters high and classified into crudes, mill feed, and waste, 


In 1929 two shafts were sunk and connected with a haulage level at a 
depth of 50 meters, They were designed for glory-hole mining, wnich proved 
uneconomical, This method was supplemented and largely superseded in 1930 
by electric-shovel loading in open vits with transoort by locomotives to in- 
clined haulageways, un which cars are taken by electric hoists, Mining 
costs are estimated at about 75 cents’a’metric ton of rock, tee of 
quarrying and mining methods have been sunolied by Ru Keyser 10 


Cyprus.~ Chrysotile asbestos occurs on the slopes of Mount Troodos in 
irregular veins traversing; serpentine formed by alteration cf olivine, The 
expansion accomanying metamorohism of original olivine resulted in excessive 
fracturing, which makes excavation easy, The workings consist of onen-vit 
terraces reaching a maximum height of 250 feet. Much of the rock is so frac- 
tured and deco:mosed that it can be broken with picks without the aid of ex- 
‘plosives, Before 1927, when commressed-air drills were introduced, the harder 
rock was drilled for blasting by hand methods, When 40—pound hand hammer 
Grills are used 3-inch holes ranging in depth from 8 to le feet are sunk at 
the rate of about 10 feet an hour, The larger masses of barren rock are re- 
moved as waste, and fiber-bearing material is turned over to facilitate drying 
in the hot sun, It is then passed over gravity screens, and that passing 


+ oe ete 


g/ Hall, A. L., Asdestos in the Union of South Africa: Geol, Survey of 
South Africa Mem. 12, 2d ed., 19350. 
10/ Ru Keyser, Walter A., Mining Asbestos in U.S.S.R.: Eng, and Min, Jour,, 
vol, 134, September 1933, pp, 375-381, 
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through an 18-mm mesh screen and retained on a 5—-mm screen (about one fifth 
of the total material quarried) is sent to the mills for recovery of the 
fiber, Oversize rock retained on the woper screen and sand vassing the lower 
screen are trammed to waste heaps, Quarries are worked from March to December, 
In 1927 appreximately 6,000 workers were employed in the quarries, and about 
1,509,000 tons of rock were broken, (Cnerations have been conducted on a muca 
smaller scale since that year, Further details of quarry methods are given 
by Witteortn 11/ 


Production consisted exclusively of short fiber until 1934 when according 
to report a small quantity of svinning fiber was shipved, 


WORLD PRODUCTION 


The following tepie compiled by the Bureau of Mines shews production of 
asbestos by countries on ) yeenes 


ia/ Whitworth, M., Cyprus ‘and Its Asbestos I Industry: ~ Mining Mag. (London), 
vol. 39, September 1928, vp. 143-150. : 3 
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World “production of asbestos S, 1929-33, in eerie: tons — 
‘(Compiled b: by M. T, Latus, of the Bureau of Mines) 


Country 2/ 1929 1930 | 1931 1932 1933. 
Africa: 
Portuguese East Africa | -----~ (3/ (3/ 
Southern Rhodesia .... 38,677 14,302 | 27,381 
Swaziland ee rrr re aaa Fe Tae 
Union of South Africa, 29,970 10,951 14,412 
Australia: | 7 | 
- .New South Wales ...... aaa oe 8B | ae---~ <8) 
South Australia ...ee. . lj o------. 6 3/ 
Western Australia .... 259 | «144 ‘116 11 3/ 
Canadat/ ...ccccsescsecee | 277,647 | 219,641 | 149,047 | 111,562 | 141,006 
China: versie enews esa eee 277 315 264 3/ 3/ 
Gyoraee! sovecberasncess 14,017 5,487 3,628 | 1,626 3/ 
BAMIAMG graced oseiele ha cerews 1,563 1,186 581 | 756 3/ 
PRANCE: at Raweaeeate anes — 750 | 503 3/ 3/ | 3/ 
ChEECO: Cicecaseeewecexse 3/ 2 _10 BE f- 3/ 
India, British. ..secoese 324 34 6 ne 3/ 
LGA y cbc wae vats Geeeerd: oe pear 851 632 1,284 3/ 
Jaoee) soccsetues. oeeuee = 1,000 1,000 1,000} 1,000].. 3/ 
JRUSSTS. Sow catavet fines te oh 54,083 | 64,674 B/ | 2/72,000 
DUPKCY tau cameeane sess 3/ _ 4 | 3/ 


United States ..eecessesa: | ~ 3,848 os 4,305 

1/ In addition to’ the’ countries listed, Madagascar reported. a production of 
O45 kilograms’ of: asbestos in 1929, No ea the ene has 
been reported since, that date, 

2/ Exovorts, ee _ oA a 

3/ Data not available, ee 

4] Exc.usive of. sand. and gravel, the production of which is vaneeted as 

follows: 1929, 17,215 tons; 1930, 36,949 none) 1931, &, 540 tons; 1932, 

3,151 fase 1933. 5, 850 tons. 

Aporoximate oroduction, 

Year ended Sept ember 30. 

Estimated production, 


~~ 


’Taese figures include both long and short fibers of all varieties of 
asbestos, Tue outout in Rhodesia and the Union of South Africa consists prin- 
civally of soinning fiber and the longer. and more valuable grades of mill 
fiber, because the local demand for short fibers is small and the price too 
low to justify shiorent to foreign markets, Russia, on the other hand, has 
developed imsortant asbestos-products industries that utilize large quantities 
of short fiber from tne Urals. Canada has small. local demand’ for short fiber, 
but the industrial. centers. of the eastern United States provide a ready market, 
and for tiis reason tne shorter grades constitute a large proportion of the 
asbestos production, 
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ei spies ugh emery we eer er 705. 735, 1/750;S outh Ameria and) 
Gormany seccess, 9,802! 7,581) 12,613) othor ponerse) 


522 Africa 


6/2 


1,267; 
ary Total, long 


a/ay2¢ 


| 


Czechc | _ 4,878! 7,044 2,2c8);, tons.. bss, 893 
Switzerland v.¢ 1,145; 5A3; 832) otal, metric | wes 
Poland an 221! 542) 529 ‘ tons. . 257,95 y 08, 46 59,177 


— 


f i 


For 1951 total consamtion as given in the table (257,955 metric texs) 
oi roximrates closely the world »roduction (258,935 metric bona) as compiled t 
Bureau of Mines, 
ae eotee in stcexs and material in transit are considered, 


Sig 


ne 


12/ Asbestos, Jame 1934, pe 16, 
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The United States leads all countries in asbestos consumption. On a ton- 
nage basis, Russia stands. second and England third, Other imoortant consuming 
countries are France, Germany, Belgium, and Japan, 


The following: ‘table presents ‘an independent sanitation of souavent world 
consumption for 1931, Figures for production were taken from Bureau of Mines 
Minerals Yearbook, 1932-33, ‘and those for imsorts and exports from The Mineral 
Industry of the British Enipire and Foreign Countries, 1930-1932, published by 
the: Imperial Institute, Londoh,. The figures for apparent consumption agree 
‘reasonably well with those of the preceding table, a2 


- World consumtion of asbestos, 1931 (long tons) 


. Apparent consumpt ionL/ 


—_ —- SS eer ree ei gpm iin a eS an a ee 


ee 


: rn i [mane te ; 


United States...) ee. {| Sei, 751 |’ 1,530 


123,103 | 7 

Canada Ceearneeen oh 4,345 i, 
RUSSIA ssceveecce 50,625 
Japan eeetoeenese. 8,111 
United Kingdom ae 18,663 
France Ccovescgee 3/ 10,000 
Belgium eorteccserce | 12,174 
Italy rec errr 5,675 
Spain @eeeerseoece 3,040 
Portugal Ceseevcce ree ks) 
Netherlands ecece 262 
Denmark ,ecccocvce 693 
Germany epeeescece 9,100 
Austria ceccsccee 4,911 
Hungary secocsece 2,506 
Czechoslovakia ,. 4,802 
Switzerland ..ccc 1,126 
Poland ptteuicaeee: 389 
Norway ecererececs 978 
DWEGCD: «sp ww ieee 951 
Finland .eccocsses 633 
Australia  ,eccoce 1,528 
Africa Oceenecces ey tee 
Chine gscccccesee 260 ; 
Yugoslavia’ esses || 1,281 : 


Egypt eeenreegee ce 100 

MOEX1CO: «05650 400 
Total apparent 

consumption.. . 265,390 


1/ Production plus imports minus exports. | 
2/ Data not available, | so a 
3/ Estimated, 
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POLITICAL AND COMMERCIAL CONTROL 


Russia only of the four leading producing countries has immortant 
asbestoseproducts manufacturing plants, The other princival producing coun- 
tries — Canada, Rhodesia, aid the Union of South Africa — utilize a very small 
proportion of the asbestos they »reduce, On the other hand, the principal 
asbestoseconsuming countries ~ the United States, England, Trance, Germany, 
Belgium, and Japan ~ produce no asbestos or only small tonnages, A large pro- 
portion of all asbestos mined therefore enters international trade, and all 
the princival nations are interested in foreign sources of supply and their 
availability in times of emergency, ; 


Political Control.~ Three of the four large asbestos—producing countries 
of the world - Canada, Rhocesia, and the Union of South Africa - are in the 
British Empire, Moderately important deposits in Cyprus and Australia and 
small depnsits in India, New. Zealand, and Newfoundland also are under Britis: 
political control, 3 —_ 


The largest deposits outside the British Emire are those of the Soviet 
Union, while others of considerable importance are under the dominion of the 
United States, Italy, and Finland, Relatively small deposits are controlled 
volitically by Argentina, Austria, Brazil, Bulgaria, China, Mexico, Portugal, 
Spain, Switzerland, and Turkey. , 


Commercial Control,- All asbestos-producing comanies in the United Staic;, 
excent the Bear Canyon Asbestos Coe, Globe, Ariz., apoarently ard controlled 
by United States capital, The Bear Canyon Asbestos Co. is a subsidiary of the 
Keasbey & Mattison Coe, Ambler, Pa., tie controlling interest of wilich was 
acquired in 1933 by Turner & Newall, a London, England. = °°" 


Commereial control of the Canadian mines is diverse. The ‘largest compar, 
Asbestos Corvoration, Ltd., is controlled by English, Canadian, arid United 
States capital, The Johnson Co,, the nioneer overator, probably is controlle: 
by Canadian capital, The Quebec Asbestos Corporation, Ltd., owned by the 
Philipv Carey Manufacturing Co,., Cincinnati, Onio; the Canadian Johns—Manville 
Coe, Ltd., a subsidiary of Johns-Manville, Ince, New York; and ‘the Nidolet 
Asbestos Mines, Ltd., a small New York firm, are dominated by United States 


capital, The Bell Asbestos Mines, In¢es operated by the Keasbey & oem 


@ emo” @,% 


English, United Bates, and Ganadian capital. The amounts of capital “irivest<i 
by England and the United States are approximately the same, while the ~ 
Canadian investment is less, - - 


British capital predominates in all the asbestos—producing companies of 
Rhodesia and the Union of South Africa, 


The Soviet Union controls both pelitically and commercially activities 
in the asbestos industry of the Urals, : 


The one company operating in Cyprus is controlled by British capital. 
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“or many years a Britisn comnany controlled most of the »oroduction of 
_ Italy,.but since 1929 an Italian. commany has: pee euee the Renee Mines 
wnere the chief production: is: now centered, 


Brace eatiy ‘all the deposits: of Australia are controlled by Bnelish or 
Australian canital.. | : | 


poo tess) pp cs) 4 FOREIGN TRADE 


Imorts.— The following table compiled from Bureau of Mines statistics 
shows imorts of, asbestos into the United’ States for 5 5-years,. It includes 
only the crude and mill fibers that constitute, on the basis of value, the 
principal international trade ina ECS VOR - 

Imorts of asbestos 5 into the United 1 States, 1929-33 
(Crude and mill fiber only) 


Country of . |; Sorte) 4 ee es Short | ] | 
"shipment . ¢ tons» Value. “! tons ' Value — 
Sore = ls eas ge a a ho eee 
AI VICS. ieee os 8, 204 $2,163,754 | 3,210 | $730,274 1,337 | $189,349 
Canada eeseess 102,033. 6,121,339. | 70,957 |5,656,195 .| 47,340 12,123,746 
Germany .sese. 1,174 361,446. 390 83,897 110 10,700 
Etaly “Sevieawas 123 31,257 48 8,752 19 9,855 
Soviet Russia, | 252 111,290 4,534 660,559 |. 2,188 104,271 
United Kingdom | 226 65,437 410 | 113,684 953 166,465 
Belgium oe Se 348 55,125 ogee we —-----— aaa a | aR a a 
: 1932 | 1933 
| a ee Hann camera see Saas 
Country of — { Shor t | : 
shioment -—— Value tons Value 
Baten aes | —_ ans seems a ae 
4 a aa 
ATTICS woiteaa | $117,774 |. 2,324 | $234, 557 - 
Canada, «ivcose (1,285,799 | 48,916. 2,3374946 
Germany .esece it 30 6 669 
DtAly saceacee 85 9,627 17 &,929 
Soviet Russia.) ... . -----7 oe meter fo. 17 217,339 
United Kingdom|~ 1 FOO. 4 ae ok PS 587 
Belgium aie! Pageant ea ae eee re apet 
ren fase a pe 7 
2357 sk oss 
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Countries of shi»ment as given in the vreceding table are not necessarily 
the countries of origin; they my represent the last ports of shipment. To 
determine the original sources it may be assumed that avproximatcly all the 
asbestos shinped from Germany is of Russian origin and that the fiber shivoped 
from the United Kingdom and Belgium was vroduced in Africa, 


The following tadle shows annual imcrts by countries or origin for 5 
years, 


Sources of asbestos imported into the United States, 1929-33 
(Crude and mill-fibder only) 


29. | 1930 1931 
: Silt, te BAe eee) err erste: spear lase eee ae 
: oT oy | 
| 


| Short | Short 
| tonsa | Value . tons 


Africa sssoes 6,778 | $2,284,316 | 3,620 , $843,958 
Canada. cceace| “102,086 | 6,121,350 | 70,957 | 3,656,195 2,123,74 
Soviet Russia 1,426 472,736 4,924 744,456 114,977 
Ltaly* ce etiag 123 | 31,257 | 48 | 8,752. _--_ 99855 
Tatal ..0.| 112,360 | 8,909,639 | 79,549 | 5,253,361 | . 2,604, 386 
EPO ete eeaeereres [eer ere es ee ee = a 
{ ere et | as _ 
1952 1933 
eee eee een eS, ee ——-— 
Source Short Short | 
tons Value tons Value 
BLP ica: saeees 1,327 $118,173 2,325 © $235,144 
Canada cesses 31,064 1,285,799 — 48,916 2,337,946 
soviet Russia 1 30 182 18,008 
0 en ee ee ae 9,627 1 oy 8,929 
Total sees 2,600,027 


t 


~— 


ee ee ee en RS a aa SS ey me ee ee 


Tne following tatle shows tue percentages of both quantity and value of 
total annual imoorts for 5 years, 
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Percentage of crude and mill-fiber asbestos obtained from each 
of the vrincival , foreign sources 84: 1929-33 


om: 


AITUCA e565 d5 
Canadé e jane ee 
Soviet Russia 
Italy @ereece. 


vy e oer 


2 ee 90 eS TD a 


Average for 
the 5 years 


Africa  ceceee 
Canada- coccas 
Soviet Russia 
Italy @tevere 


It may be observed that imports from Africa and Russia are much higher : 
in value than in quantity, This is due to the fact that only the higher- _ 
priced crude fibers can be imported vrofitably from such distant sources, —~ 
On the other hand, the percentage in quantity of Canadian fiber exceeds its 
foercentage in value because the denosits are near consuming centers, permit— 
ting the importation of large quantities of the shorter mill fibers, tes 


As many manufacturers of asbestos. products are imeexested chiefly in 
sources of supply of the higher-grade spinning fibers an attempt has been 
made to estimate the tonnages received in recent years from the principal 
producing centers, The following table shows the aoproximate tonnages of 
spinning asbestos received annually from 1924 to 1933 from Canada, Africa, - 
and Bueeis and the porenenes of tho total imports each country furnished, 
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Princival .sources of sninning asbestos imported into. 
the ents d States, 1924-03 | 


an a 
/ CanadaL/ » | Africa , . Russia 


eae ae aE eee eT REE Ee 


Peveont 


= ; Percent Percent 
Year Short of total Snort of. total Short of total 
tons imports tous imports tons imports 


s ¥ 6 
.:.: 


06 (2/) 
191 1 
349 1 
1,782 7 
2,339 10 
1,426 5 
4,924 29 
2,296: 20 
| (3/) (2/) 
ae 182 eee 


eed 


1/ Figures for Canadian ponneece are anproximate, “The following text. -ex-" 
plains methods cf determination. 

2/ Less ‘than 0,5 percent, | 

3/ Less ‘than 1 ton, — | oe 

4/ Data not available, 


For the purpose of calculation Canadian spinning. fiber includes crude 
no, ly crude no, 2, crude run-of-mine, and the highest~grade mill fiber, whica 
since 1920 has been designated "spinning fiber." Figures for the production 
of Canadian asbestos by grades are ublished annually, but import -figures 
were not segregated by grades until 1927. From 1924 to 1927 it is assumed 
that imports of spinning fiber bore the same relation to total imorts that 
production of spinning fiber bore to total production. In other words, if 
85 percent cf the total Canadian production (exclusive of material classed 

as “sand, gravel, and stone") was imported into the United States, it is 
assumed that 85 percent of the spinning fiber proguced in connee was shinvped 
to the United States. | 


Since 1927 the tonnages cf crude and mill fiber imoorted pean Snes 
have been recorded, but spinning fiber still is not reported separately, 
To determine this tonnage therefore it is assumed that the various grades 
of mill fibers (spinning, shingle, and paper stock) are imported in the ratio 
of their production; that is, if 25 percent of the millstock produced is of 
Spinning grade it is assumed that 25 percent of the millstock imported is 
soinning fiber, The quantity of spinning fiber thus calculated is then added 
to imoorts of Canadian crudes to arrive at the total imorts of oe 
stock from Canada, 
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Anoroximately all imports from the other foreign countries are regarded 
28 sninning fiber, Russian imorts in 1931, however, were separated into 
crudes and mill fiber, the latter being regarded as nonsvinnin;z, 


| By referring to the nreceding table it may be observed that Canada suv- 
olied about 80 vercent of the total imports from 1924 to 1926, In 1927, how- 
ever, this percentage dropved to 66, and in 1930 it was only 50, In 1932 the 
Dominion again furnished over three fourths of inmorts, but the total quantity 
from all sources was exceptionally low. 


Africa sunplied about 20 percent of the total each year, except during 
the yeriod 1927-29, when the proportion was considerably higher. Since 1926 
im>orts from Russia have been considerable; in 1930 Russia supplied more 
than one fourth of the requirements of the United States. Practical cessation 
of imports from Russia in 1932 may be attributed to the embargo vlaced on 
them during an investigation conducted by the United States Tariff Commission, 
Although the embargo was lifted, imports in 1933 were of no consequence, 


A streng movement toward importation from the more distant sources of 
suonly has been evident in 1934, Of crude fibers imported during the first 7 
months, Africa suoplied 54 percent, Russia 24 percent, and Canada 22 percent, 


Exports.- Large quantitics of asbestos products are exvorted from the 
United States, The statistics also sow domestic exports of unmanufactured 
asbestos as indicated in the following table. Recent exports under this 
category have consisted mainly of shingle stock of foreign origin blended in 
the United States and shinned mainly to Japan, Mexico, and Iurove. The ex- 
cevtionally high value of exports in 1928 is due to a large shipment of 
Russian asbestos to Germany, Statistics cf the Department of Commerce also 
show shipments of about 1,000 tons of foreign crude and unmanufactured 
asbestos annually under "exports cf foreign merchandise.” These represent 
transshioments of Canadian material via American ports, 


Asbestos (unmanufactured) exported from the United States, 
1924—33 
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Year Snort tons Value Value 
1924 $93,163 $108, 467 
1925 70,846 95,318 
1926 85,922 122,391 
1927 48 , 744 94,936 
1928 346, 632 88,521 
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